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Abstract: Collisions between wildlife and aircraft are a major safety concern for international 
aviation. In the Americas, vultures (Cathartidae) are considered to be one of the most hazardous 
bird species to airport operations. In this study, we evaluated the use of translocations as a 
management technique to reduce vulture abundance near the Manaus International Airport 
(MAO), Manaus, Brazil. The MAO is one of the busiest and most strategically important airports 
in South America, often referred to as the gateway to the Brazilian Amazon. We captured, 
wing-tagged, and translocated 98 vultures between August and October 2013 and between 
January and April 2014. The wing-tags were colored plastic tags specifically developed to 
tag vultures to enhance identification in flight and not alter bird behavior. The tagged vultures 
were translocated different distances (100, 150, and 200 km) from MAO. Only 25.5% of 
translocated vultures returned to the airport. However, the relative abundance of vultures 
did not differ between monitoring periods before and after captures and translocations. Our 
results demonstrated that the translocations failed to decrease MAO vulture abundance. We 
recommend habitat modifications associated with nonlethal (dispersion by bird repellents) and 
lethal (kill some individuals reinforcing dispersion) strategies to reduce vulture bird strike risks. 
Key words: airports, Amazon, bird strikes, black vulture, Brazil, Cathartes spp., Coragyps 
atratus, turkey vulture, vulture management, wildlife strikes
Collisions between wildlife and aircraft (i.e., 
wildlife strikes) are a major safety concern for 
international aviation (Dolbeer 2013). Wildlife 
strikes cause both direct (e.g., aircraft damages) 
and indirect (e.g., flight delay, cancelations, and 
extra service for customers) costs, which may 
exceed $1.2 billion USD annually (Allan 2002). 
For instance, in Brazil, the reported cost between 
2011 and 2017 was estimated to exceed $70 mil-
lion USD (Aeronautical Accidents Investigation 
and Prevention Center [CENIPA] 2018). Since 
1912, wildlife strikes have resulted in at least 451 
deaths around the world (Oliveira 2014, U.S. Air 
Force [USAF] 2014).
Wildlife species commonly use airport areas 
to roost, feed, and reproduce (DeVault et al. 
2013). Wildlife management programs are 
important for mitigating wildlife strike risk 
to aviation. Because species occurrence and 
its associated risk are airport-specific, wildlife 
strategies are recommended to adjust to par-
ticularities and species presence at each airport 
(Sodhi 2002). Those specific strategies should 
be based on previous knowledge of population 
dynamics and risk assessment based on histori-
cal records of damage caused by target species 
(Zakrajsek and Bissonette 2005, Dolbeer 2006, 
DeVault et al. 2011).
Around the world, there is a variety of strate-
gies to control the wildlife presence and abun-
dance at airports. Some techniques using active 
capture and individual removal are effective 
in situations of imminent collision risk or even 
reducing relative abundance of species at air-
fields (Pitlik and Washburn 2012). Translocation 
is applied in a conservation context, consisting 
of moving animals from areas characterized by 
high human pressure (e.g., hunting, deforesta-
1Deceased.
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tion) to more suitable areas (Griffith et al. 1989). 
In addition, translocation can be applied as an 
effective nonlethal method when wildlife pose 
a potential risk to human activities, as in the 
case of airports (Bruggeman 2000; Humphrey 
et al. 2000; Curtis et al. 2013; Pullins et al. 2016, 
2018). Although translocation is used as a man-
agement technique at airports (Bruggeman 
2000, Schafer et al. 2002, Avery et al. 2011), little 
information is available about its effectiveness 
toward reducing strikes between birds and air-
craft (Curtis et al. 2013).
Vultures (Cathartidae) are considered to be 
one of the most frequent and hazardous bird 
species to both military and civil aviation on 
the American continent (Dolbeer et al. 2000, 
Zakrajsek and Bissonette 2005, Blackwell and 
Wright 2006, Novaes and Alvarez 2010, DeVault 
et al. 2011). Black vultures (Coragyps atratus) and 
turkey vultures (Cathartes aura) have adapted to 
live in urban environments and exhibit increas-
ing population growth (Avery 2004, Blackwell 
et al. 2007, Novaes and Alvarez 2014, Novaes 
and Cintra 2015). Considering the severity 
ranking for all bird species involved in strikes 
in Brazil, vultures are among the more hazard-
ous species to airport operations in the country 
(CENIPA 2016).
The efficacy of translocation of vultures has 
never been evaluated as a management strategy 
for airports. To fill this information void, we eval-
uate translocation as an effective technique for 
risk mitigation associated with vulture aircraft 
strikes in an Amazonian airport. We hypoth-
esized that translocation could reduce vulture 
abundance and bird strike risks. Additionally, 
the activity related to the frequent translocations 
would represent agonistic interactions for vul-
tures, therefore decreasing the average number 
of residents. Finally, we provide new informa-
tion to better inform guidelines and strategies to 
manage vulture populations.
Study area
The study was carried out at the Manaus 
International Airport (MAO) (3°02’18.4”S, 
60°02’58.3”W), in the city of Manaus, northern 
Brazil (Figure 1). The MAO operates up to 35,000 
aircraft movements and 2.4 million passengers 
per year and is one of the busiest and most stra-
Figure 1. Aerial view of the Manaus International Airport, Amazonas, Brazil. The airport is surrounded by 
a conjunction of forest fragments and a highly urbanized area.
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tegically important airports in South America, 
often referred to as the gateway to the Brazilian 
Amazon (Brazilian Airport Infrastructure 
Company [INFRAERO] 2015). The MAO cli-
mate is tropical, warm, and humid, with 2 well-
defined seasons (Ribeiro 1991). Average annual 
precipitation in Manaus is 2,286 mm with a 
rainy season from December to May and a dry 
season from June to November (Ribeiro 1991).
The MAO is in a mix of densely urbanized 
areas and large forested areas and forest frag-
ments. The airport complex itself covers 1,400 
ha, with 981 ha mostly primary and secondary 
forest (Figure 1). The forest encourages vul-
ture activity near the MAO (Novaes and Cintra 
2015). Additionally, disturbances such as water 
pollution and shortage of basic sanitation in 
Manaus promote foraging opportunities to 
black vultures that occur in large abundance in 
the city (Novaes and Cintra 2015).
The MAO has documented 140 wildlife strikes 
between 2011 and 2014. Of these, 20 strikes had 
involved vultures, 6 with turkey vultures, 3 with 
black vultures, 1 with a greater yellow-headed 
vulture (Cathartes melambrotus), and 10 did not 
have the vulture species identified.
Methods
Capture and release sites
We captured vultures between August and 
October 2013 and between January and April 
2014. Our target species were turkey vultures, 
greater yellow-headed vultures, and black vul-
tures, species that have already been involved 
in wildlife–aircraft strikes at MAO. All vultures 
were captured using a walk-in trap (2 x 1.5 x 
1.7 m), accommodating up to 20 individuals 
safely at a time. Additionally, we set up 10 traps 
(Tomahawk Live Traps, Hazelhurst, Wisconsin, 
USA) over the Airport Operation Area (AOA; 
Figure 1). All traps, baited with red meat and 
fish, were kept opened from 0800 to 1600 hours 
and were continuously checked every 2 hours. 
All captured individuals were taken to the 
MAO Wildlife Management Center to mitigate 
heat exposure.
Captured birds were kept in a large box for 
not more than 48 hours for biometry and tag-
ging. All the capture, handling, and release pro-
cedures were conducted under supervision of 
a wildlife veterinarian. We tagged all vultures 
on 1 wing, according to Wallace et al. (1980), 
with colored plastic wing-tags specifically 
developed to tag vultures due to their efficacy 
in identifying birds in flight and their harm-
less effects on behavior (Wallace et al. 1980). 
Each translocated vulture received a tag with 
an alphanumeric code written by hand using 
water and heat-resistant paint. We used com-
binations of different tag colors (white, yellow, 
or red) and wings (right or left) to relate each 
bird to its release site. Each wing-tag was per-
manently attached to the bird using grommets 
(28 mm) specifically for animals (Figure 2).
We chose 3 public-owned release sites with 
relatively similar vegetation and landscape fea-
tures, near a road that facilitated logistics for 
the transport of birds, since there are not many 
Figure 2. Greater yellow-headed vultures (Cathartes melambrotus) tagged and translocated and turkey 
vultures (C. aura) translocated and re-sighted at the Manaus International Airport, Amazonas, Brazil, 
2013–2014 (photos courtesy of W. Novaes [left] and A. Silva [right]).
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roads in the Amazon region. Vultures were 
translocated to: (1)Novo Airão (2°38’52.2”S, 
60°56’48.2”W), 100 km from MAO, in the east-
ern part of the state of Amazonas and adjacent 
to the lower Rio Negro, near the Anavilhanas 
Archipelago. With approximately 300 islands 
and a interior lakes, Anavilhanas is surrounded 
by seasonally flooded forest called igapó, and 
adjacent mainland banks of the river have a 
transition from igapó to terra firme (dry land 
forests; Cintra et al. 2007); (2) Itacoatiara - 
Amazonas (3°2’59.8”S, 58°29’18.8”W), 150 
km from MAO, located at the left margin of 
the Amazon River, comprised of upland terra 
firme forests and várzeas (seasonally flooded 
lands; da Silva de Oliveira and Dario 2018); 
and (3) Presidente Figueiredo (1°18’39.0”S, 
60°23’25.9”W), 200 km from MAO, with the 
release site located in the central part of the 
state of Amazonas, near Balbina Hydroelectric 
Dam, a reservoir area of 443,700 ha comprised 
of 3,546 variable-sized islands and covered by 
dense tropical rainforests, predominantly terra 
firme and swamp forests (Benchimol and Peres 
2015). We also released some individuals at 
MAO as a control to investigate site fidelity.
Appropriate Brazilian federal authorities 
issued official licenses to capture, handle, 
and translocate vultures (National Center for 
Bird Conservation [CEMAVE] No 3709/1) as 
an integrating part of the MAO management 
plan authorized by the Brazilian Institute 
of the Environment and Renewable Natural 
Resources (IBAMA; proc. n° 02001.003672/2011-
53, No 003F/2011).
Vulture monitoring and recaptures 
We evaluated the effectiveness of transloca-
tion as a management technique by comparing 
relative abundance of vultures recorded on sche-
matic transect counts 6 months before starting 
captures and translocations, 8 months along the 
translocation period, and 6 months after finish-
ing captures and translocations. A non-linear 
transect along the sides of runways was estab-
lished, covering the whole airport operation area 
evenly. Two observers in a vehicle at constant 
speed (20 km/hour), with 1 observer on each 
side of the vehicle, moved along the transect 
line recording species and number of vultures. 
We conduced census transects between 0600 and 
1700 hours, taking 40–90 minutes, depending on 
aircraft traffic and authorizations from the air-
port control tower. 
We performed a sampling effort of 108 tran-
sect counts throughout 611 days between 
January 8, 2013 and September 19, 2014. A total 
of 42 counts were carried out before the trans-
location period, encompassing 211 surveyed 
days; 38 counts were conducted during the 
translocation period, totaling 264 days; and 28 
counts were carried out after finishing translo-
cations on the last 136 days of the monitoring 
fieldwork. All vultures recorded during the 
whole monitoring period had their behavior 
recorded and were checked for a tag by using 
visual identification, binoculars, and super-
zoom camera. Therefore, each independent 
record of a tagged vulture was considered as a 
recapture event.
Data analysis 
We tested the hypothesis that the relative 
abundances of vultures before, during, and 
after translocation periods were different. 
Considering that the response variable (vulture 
abundance) is a count, we performed a 2-way 
ANOVA and post-hoc Tukey test to evaluate 
differences in the number of vultures at MAO, 
testing the variable species, period (before, dur-
ing, and after), and their interactions as effects. 
We grouped the 2 Cathartes species because 
greater yellow-headed vulture abundance is 
lower than the other 2 species, and the behav-
ioral characteristics of greater yellow-headed 
vultures are similar to turkey vultures.
Results
Overall, we captured 98 vultures: 76 tur-
key vultures, 16 black vultures, and 6 greater 
yellow-head vultures. The number of vultures 
translocated to areas 100, 150, and 200 km from 
the airport were 38, 26, and 26, respectively. 
Also, 8 individuals were released at the AOA 
(0 km) as control, and only 2 individuals were 
re-encountered inside the AOA. Of the 90 trans-
located vultures, 23 returned to AOA, reflecting 
25.5% of the total. Comparing the return rate 
of vulture species, great yellow-headed vul-
tures had the highest rate, encompassing 33.3% 
(n = 2), followed by turkey vultures with 27.3% 
(n = 21), and 12.5% (n = 2) of black vultures.
The capture and translocation effort did not 
reduce the number of vultures in the AOA as 
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hypothesized (Figure 3). The test with spe-
cies, period (before, during, and after), and 
their interactions as effects indicated differ-
ences between the number of vultures related 
to periods (ANOVA F = 3.627; df = 2, P = 0.028). 
The post-hoc Tukey test indicated differences 
between “during” and “after” periods (post-
hoc Tukey test, P = 0.023) and differences in 
the number of Cathartes between “during” and 
“after” periods (post-hoc Tukey test, P = 0.020). 
During the capture period, the relative abun-
dance of Cathartes spp. was lower compared to 
the period after (Figure 3).
Discussion
We found capture and translocation as a 
management strategy was not effective because 
the vulture abundances did not decrease after 
the study. The relative abundance of Cathartes 
was reduced at the beginning of translocation 
but ended up increasing and reaching simi-
lar levels after the management period. The 
decrease of Cathartes abundance during the 
translocation period can be associated with an 
increase of black vultures at the AOA (Figure 
3), attracted to food traps. Studies have shown 
that black vultures win carcass disputes with 
turkey vultures, a fact that can be responsible 
for reducing turkey vulture abundance during 
the capture period (Houston 1986, Wallace and 
Temple 1987, Lemon 1991, Kirk and Mossman 
1998, Buckley 1999).
Although 75% of translocated vultures did 
not return to MAO, the number of vultures 
using AOA after the translocation period did 
not decrease. We believed that, even if no vul-
tures had returned, the vulture abundance 
would not be reduced at the airport. This occurs 
because ecological aspects related to movement 
patterns and size of their home range may influ-
ence the efficiency of translocation in reducing 
the number of individuals of a given species in 
a site much smaller than its home range.
Vultures have a considerably large home 
range, varying from 14,000–71,000 ha (Coleman 
and Fraser 1989; DeVault et al. 2004, 2005; Avery 
et al. 2011). The number of vultures captured 
and translocated did not have a substantial 
impact on the size of the local vulture popula-
tion having the MAO region as part of its home 
range. In this context, for an effective removal 
of vultures that use MAO as part of their home 
range, it would be necessary to capture and 
remove essentially the entire vulture popula-
tion (thousands of individuals) occurring in the 
whole urban area of the city of Manaus, com-
Figure 3. Boxplot for black vultures (Coragyps atratus) and turkey and greater 
yellowed-headed vultures (Cathartes aura and Cathartes melambrotus) in the 
Airport Operation Area of the Manaus International Airport before, during, and  
after translocation, Manaus, Amazonas, Brazil, 2013–2014.
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prised of 45,700 ha, which is impractical.
Other aspects could be analyzed to under-
stand the rate of return of the vultures, such 
as sex, age, distance, and characteristics of the 
release area, among others. However, as previ-
ously stated, even if the rate of return was zero, 
our results suggest that it is unlikely that the 
number of vultures circulating through the air-
port area would be reduced. Facing the appar-
ent ineffectiveness of translocation as an effec-
tive vulture management technique in reduc-
ing the number of vultures in airports, other 
strategies should be taken to keep airports safe. 
Other studies point to the inefficiency of vul-
ture translocation (Avery and Lowney 2016), 
especially if the managed area has not been 
modified (Humphrey et al. 2000). For a long-
term and effective strategy, habitat modifica-
tion approaches have been used and proven 
effective in different airport contexts around 
the world (Humphrey et al. 2000, 2010; Patrick 
and Shaw 2012).
Food availability is the most important fac-
tor shaping habitat use and foraging behav-
ior by neotropical vultures (DeVault et al. 
2004; Novaes and Cintra 2013, 2015). We 
recommend that managers reduce availabil-
ity of food resources in and around airports, 
through rigorous control of organic residue 
that should be kept in closed garbage cans 
(Novaes and Cintra 2015, Araújo et al. 2018). 
Additionally, in the AOAs, carrion (e.g., ani-
mals struck and killed by aircraft or cars) 
should be removed from airport grounds 
and disposed of immediately upon discovery 
(DeVault and Washburn 2013). Decreasing the 
supply of perches and roosts through removal 
or installing barriers (e.g., anti-roosting spike 
or nets) or scarecrows (e.g., vulture effigy) can 
be an important strategy (Avery et al. 2002, 
Seamans 2004, Ball 2009, Cleary and Dickey 
2010, Humphrey et al. 2010, Belant and Martin 
2011). Complementary to environmental mod-
ification, lethal control associated with nonle-
thal dispersal methods (e.g., pyrotechnics and 
handheld lasers) are an important component 
to reduce vulture conflicts, mainly for soaring 
birds attracted to the strong and predicable 
thermal updrafts generated by the huge paved 
surface of the airport runways and taxiways 
(Lowney 1999, Humphrey et al. 2000, Avery et 
al. 2002, Runge et al. 2009).
Management implications
More refined studies investigating the influ-
ence of the urban landscape on the behavioral 
patterns of movement and habitat use of vul-
tures are recommended. Such studies would 
allow a more detailed understanding of suit-
able sites and areas that should be altered 
to control the presence of vultures in urban 
environments to reduce strikes with aircrafts. 
Effective wildlife management at airports is 
best achieved with a fully integrated program, 
with the participation of airport administration 
alongside many different stakeholders such as 
pilots, ground crew, and air traffic controllers, 
as well as different sectors of society at federal, 
state, and municipal levels.
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